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NATIONAL AERONAUTICS AND SPACE ADMINISTRATTION

TECHNICAL MEMORANDUM X- 742

LONGITUDINAL AERODYNAMIC CHARACTERISTICS OF
SEVERAL THICK-SLAB DELTA WINGS AT MACH NUMBERS OF 3.00,
4.50, AND 6.00 AND ANGLES OF ATTACK TO 95°

By Walter B. Olstad
SUMMARY

Results are presented of an investigation of the effects of slab thickness,
or volume-area parameter, and dihedral angle on the longitudinal aerodynamic
characteristics of several slab delta wings. The effects of nose deflection and
elevon planform shape and deflection were studied to obtain data on the trim,
stability, and control characteristics of these configurations in the angle-of-
attack range which encompasses maximum lift-drag ratio and maximum 1ift coeffi-
cient. Modified Newtonian impact theory was used to estimate the force and
moment coefficients and comparisons between the estimated results and experi-
mental results are presented.

Reasonably good agreement between the theory and experiment was obtained at
a Mach number of 6.00. A positive shift in pitching moment occurred in the angle-
of-attack range from 50° to 65° for all models tested. This shift apparently was
caused by the flow on the lower surface changing from supersonic to subsonic in
this angle-of-attack range. Values of the maximum lift-drag ratio and maximum

lift coefficient decreased with increasing volume-area parameter VE/B/Q. In-
creasing the wing dihedral angle, at least up to 309, increased slightly the
maximum lift-drag ratio for a slab delta wing of constant volume-area parameter
and decreased the maximum 1ift coefficient. A positive nose deflection provided
a positive increment in pitching moment and increased the stability level of the
model at angles of attack greater than 30° at the expense of decreased 1ift and
increased drag.

INTRODUCTION

The corridor for entry into the earth's atmosphere at supercircular veloci-
ties can he greatly widened over that available to a ballistic vehicle through
the use of aerodynamic 1ift. (See ref. 1.) Aerodynamic 1ift can also provide
the vehicle with some maneuverability and range controcl. High values of aero-
dynamic drag are desired in order to reduce the heat load associated with
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atmospheric entry. During entry, then, it is desirable to have both high 1lift
and high drag which leads to rather low values of lift-drag ratio of 1.0 or less.

Vehicles with highly swept thick delta wings can provide the required aero-
dynamic performance. In addition, the blunt nose and highly swept blunt leading
edges of such configurations would tend to reduce the heat load to these critical
areas.

The purpose of the investigation reported herein was to determine the effects
of slab thickness, or volume-area parameter, and dihedral angle on the longitudi-
nal aerodynamic characteristics of several slab delta wings. Also, the effects
of nose deflection and elevon planform shape and deflection were studied to obtain
data on the trim, stability, and control characteristics of these configurations
in the angle-of-attack range from maximum lift-drag ratio to maximum 1ift coeffi-
cient. The results of an investigation of somewhat similarly shaped sharp- and
blunt-nose elliptic cone models are presented in reference 2.

Modified Newtonian impact theory was used to estimate the force and moment
coefficients at hypersonic speeds and comparisons between these estimated results
and experimental results are presented.

SYMBOLS

The force and moment coefficients were referred to the wind and body axes
systems with the origin located at the centroid of the planform area of the undé-
flected delta wing, as shown in figure 1.

t slab thickness
Ap base area
b width of model at base
Ca axial-force coefficient, Axial force
q.S
C a s Drag
D rag coefficient, —=
qu
CL 1lift coefficient, Lift
q.5
C Pitching-moment coefficient, Pitching moment
qu Zl
Cy normal-force coefficient, Normal force
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P - P

Cp pressure coefficient,
qoo
Zl body length
ls body length before blunting (see fig. 1)
L 1ift-drag ratio, c
D Cp
M free-stream Mach number
1Y bressure
Po free-stream static pressure
Qe free-stream dynamic pressure
r radius
S planform area
v total volume of configuration
; angle of attack, deg
B¢ elevon deflection angle (positive when trailing edge is down), deg
(see fig. 3)
(o nose deflection angle (positive when nose is up), deg (see fig. 3)
r angle of dihedral, deg (see fig. 1)
o] angle of shock from stream direction, deg
Subscript:
max maximum

MODELS AND APPARATUS

Dimensional details of the five basic models used during this investigation
are shown in figure 1, and photographs of these models are shown as figure 2.
The models represent blunted slab delta wings with leading edges swept back 75°
and with variations in thickness and dihedral angle. The noses of the models
were spherical sections and the leading edges were hemicylinders.



Models 1, 2, and 3 form a series of models of varying thickness with
thickness-length ratios t/ll of 0.117, 0.219, and 0.637, respectively, and

of varying volume-area parameter V2/5/S with values of 0.3%19, 0.441, and
0.663, respectively.

Models 1, 4, and 5 form a series of varying dihedral angle. The dihedral
angles for the three models are 0°, 15°, and 30°, respectively. The dihedral
angles were obtained by rotating the wing panels about a line on the lower sur-
face of the wing. Rotation of the wing panels in this manner brought about a

reduction in planform area and volume. The volume-area parameters V2/5/% for
models 4 and 5 are 0.341 and 0.387, respectively.

Model 1 was tested with nose deflection angles &, of 0°, 10°, and 20°,
whereas model 4 was tested with nose deflection angles of 0° and 109°. (See
figs. 3(a) and 3(b).) Model 1 (with &, = 10°) was also tested with triangular-
planform elevons at elevon deflection angles &, of 15°, 0°, -15°, and -30°.
(See fig. 3(c).) Rectangular-planform elevons at &g = -15° were also used in
conjunction with model 1 (with &, = 10°). (See fig. 3(d).) Model 4 (with
&, = 10°) was tested with both the triangular-planform and rectangular-planform
elevons at dg = -15°, Photographs of two of the models with deflected nose and
tail surfaces are presented as figure ..

At angles of attack from -6° to 15° the model was supported by a straight
sting which extended from the model base and was attached to the central support
system of the wind tunnel. In order to obtain angles of attack up to 95°, an
adapter was inserted between the model and the sting. (See fig. 2.) This adapter
was fixed at angles of 20°, 40°, 60°, and 80°, and the angle of attack of the
model was varied about these settings by varying the angle of the central support
system. These support systems kept the model near the center line of the tunnel
at all angles of attack. It was necessary to remove a small portion of the upper
surface of all of the models with the exception of model 3 in order to accommodate
the adapter.

TESTS, CORRECTIONS, AND ACCURACY

Tests were conducted in the 2-foot hypersonic facility at the Langley
Research Center at free-stream Mach numbers of 3.00, 4.50, and 6.00 and angles
of attack from -6° to 95°. A description of the tunnel and its operating char-
acteristics are presented in reference 3. Tunnel test conditions and corre-
sponding Reynolds numbers per foot are presented in the following table:

Mach number, Total pressure, Total temperature, Reynolds number
M ' psia OF per ft
3.00 3.9 130 0.56 X lO6
4.50 1h.7 300 67
6.00 46.5 - 330 1.08




Model forces and moments were measured with a three-component internal
strain-gage balance. The measured coefficients are estimated to be accurate
within the following limits:

Cy (8t @ near 09) & v v v v v v e e e e e e e e e e e e e e e e e e e . . *0.005
Cy (Bt @ mear 90°) & v v v v v e i e e e e e e e e e e e e e e e e e .. *0.025
0O 0 I 002
= < O B ¢ O §

The angle-of-attack measurements were corrected for balance and sting deflec-
tions under load. The angle of attack is estimated to be accurate within +0.2°.
Pressures were measured by means of static-pressure orifices on the base and upper
surface of model 2. (See fig. 1.) The pressure coefficients are estimated to be
accurate within +0.0l.

Calibrations of the tunnel test section indicate that local deviations from
the average free-stream Mach number in the region of the model were no greater
than *0.03. The average free-stream Mach number was held to within *#0.02 of the
nominal values shown in this paper.

The effects of the presence of the support systems were not determined
during these tests and no corrections have been applied to the data to account
for support interference. The axial-force and drag coefficients have not been
adjusted to free-stream conditions at the model base.

RESULTS AND DISCUSSION

Aerodynamic Characteristics of Basic Models

The experimental results obtained at Mach numbers of 3.00, 4.50, and 6.00 for
the five basic models are presented in figures 5 to 9. In these figures the
experimental results for a Mach number of 6.00 are compared with estimated values
obtained from modified Newtonian impact theory (see ref. 4) together with an esti-
mated local average skin-friction drag coefficient of 0.0015 and an estimated base
drag coefficient equivalent to a base pressure coefficient of -l/M2. The modifi-
cation to the simple impact theory consisted of replacing the Newtonian value of
2.0 for the stagnation pressure coefficient by the values listed in the following
table:

Value of stagnatlion pressure coefficient

a, deg Flat surfaces Blunt nose and

leading edges

Models 1, 2, 3 | Model & Model 5
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These particular values were chosen on the basis of the discussion presented in
reference L.

In general, the agreement between the experimental and predicted values for
the force coefficient was good. The predicted values of pitching-moment coeffi-
cient were generally more negative than the experimental values indicating that
the center of pressure was actually 1 or 2 percent of the root chord forward of
the predicted position. The agreement between the predicted and experimental
values of pitching-moment coefficient for model 3 (fig. T(c)) was poor, probably
because of the pressures induced on the lower surface by the presence of the
large blunt nose and leading edges.

All the basic configurations exhibit a positive shift in pitching-moment
coefficient (similar to subsonic pitchup). This shift was initiated in the
angle-of-attack range from 50° to 65°. A similar shift was noted in reference 5.
It is believed that this shift is caused by the flow on the lower surface changing
from supersonic to subsonic in this angle-of-attack range. Figure 10, which pre-
sents the lower-surface shock angle as a function of angle of attack for model 2,
indicates that the shock angle for sonic flow occurs at the angle of attack for
which the shift in pitching moment begins.

Measured upper-surface and base pressure coefficients for model 2 are pre-
sented in figure 11 together with curves of the empirical base pressure coeffi-
cient -1/M2. (See ref. 6 for derivation of this expression.) The empirical
values are in good agreement with experimental values at a Mach number of 3.00,
whereas at Mach numbers of 4.50 and 6.00 the agreement between the predicted and
experimental values is poor.

The effects of wing thickness or volume-area parameter V2/5/% on the per-
formance characteristics are summarized in figure 12. The maximum lift-drag ratio
and maximum lift coefficient decreased, as expected, as the volume-area parameter
increased. The effects of dihedral angle on the performance characteristics are
shown in figure 13. The effects shown in this figure are not entirely due to
dihedral inasmuch as models 1, 4, and 5 each had a different value of the volume-

area parameter V2/5/S. The short-dash curves in figure 13 represent the theoret-
ical estimate of the effects of the variation of the volume-area parameter for

the three models (obtained from the theoretical curve of fig. 12), so that the
difference between the long-dash curves and the short-dash curves is the estimated
increment in maximum lift-drag ratio and maximum 1lift coefficient due to dihedral
angle. It is seen, then, that increasing the dihedral angle, at least up to 300,
theoretically increases the maximum lift-drag ratio by a small amount for a slab
delta wing of fixed volume-area parameter. The maximum 1ift coefficient would be
decreased somewhat by an increase in dihedral angle.

Effect of Nose Deflection
The effect of nose deflection on the longitudinal aerodynamic characteristics
of models 1 and 4 is presented in figures 14 and 15, respectively. These fig-

ures indicate that positive nose deflection produced a positive increment in
Pitching moment at the expense of decreased 1lift and increased drag. The
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Pitching-moment increment generally increased with increasing angle of attack up
to an angle of attack of about 30°. (See fig. 16.) Further increases in angle
of attack tended to reduce the pitching-moment increment (thereby increasing the
stability level). Thus, positive nose deflection not only provides positive
increments of pitching moment to aid in trimming a configuration at large angles
of attack but also adds to the stability level of the configuration for angles
of attack greater than about 30°. Similar results were obtained in the investi-
gation of reference 5.

Theoretical calculations of incremental pitching moment due to nose deflec-
tion properly predicted the stability trends (fig. 16) but failed to predict the
magnitude of the test results. The difference in the incremental pitching moments
between a nose deflection of 20° and a nose deflection of 10° was quite accu-
rately predicted by the theory.

Effects of Elevon Planform and Deflection

The effects of elevon planform and deflection angle on the longitudinal aero-
dynamic characteristics of models 1 and 4 with positive nose deflection of 10° are
presented in figures 17 and 18, respectively. Changing the elevon planform shape
from triangular to rectangular did not produce any significant change in the force
qnd moment coefficients for either model.

An increase in negative elevon deflection for the triangular elevons on
model 1 with a nose deflection of 10° decreased both 1lift and drag throughout
the angle-of-attack range of the investigation, with the largest change occurring
between the elevon deflection angles of 15° and 0°. Deflecting the elevon in the
negative (or trailing edge up) direction from an angle of 15° to -30° produced
large positive increments in pitching moment allowing the configuration to be
trimmed over an angle-of-attack range from less than 6° (the lowest angle of
attack at which data were obtained) to approximately 42%.

Theoretical. calculations of incremental pitching moment due to elevon deflec-
tion properly predicted both the stability trends and magnitudes of the test
results for elevon deflection angles of -15° and -3%30°. (See fig. 19.) For an
elevon deflection of 15° the stability trend was predicted but the magnitudes of
the test results were underestimated by about 50 percent.

CONCLUSIONS

An investigation of the longitudinal aerodynamic characteristics of several
slab delta wings of varying thickness and dihedral angle at Mach numbers of 3.00,
M.SO, and 6.00 and angles of attack to 90° has led to the following conclusions:

1. Reasonably good agreement between experimental values and values estimated
from modified Newtonian impact theory was obtained at a Mach number of 6.00 for
the basic models.



2. A positive shift in pitching-moment coefficient occurred in the angle-of-
attack range from 50° to 65° for all models tested. This shift apparently was
caused by the flow on the lower surface changing from supersonic to subsonic in
this angle-of-attack range.

3. Values of maximum lift-drag ratio and maximum 1ift coefficient decreased
with increasing volume-area parameter V2/5 S.

4. According to theory, increasing the wing dihedral angle, at least up to
300, increased slightly the maximum lift-drag ratio for a slab delta wing of con-
stant volume-area parameter and decreased the maximum lift coefficient.

5. A positive nose deflection provided a positive increment in pitching
moment and Increased the stability level of the model at angles of attack greater
than 30° at the expense of decreased 1ift and increased drag.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., September 19, 1962.
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Straight sting

(e) Model 5.

Figure 2.- Concluded.
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Figure 5.- Longitudinal aerodynamic characteristics of model 1.
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Drag coefficient, Cp
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Figure 6.- Longitudinal aerodynamic characteristics of model 2.
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Drag coefficient, Cp

28

o Experiment
— —— Theory
4
D ™), M
7 0
2 P 200
1/6
0 )
Ly
#
8 ——0—
/ig 1T b o
}/ ) 450
6 //
4 )
4 3/ /J
2 3/( Vil D% am N
-opoae°F & ] 600
/,
O (/ V.
M=3.00 ’f
{'j y
} £
4
;/6/ /%
Lok ¥ X
/
Om=2.50 /’
/5
P23
D/S
bodogpot
0M=6.00
-20 -0 0 10 20 30 40 50 60 70 0 90 I

Angle of attack, a, deg

(e) Drag.

Figure 6.- Continued.




*PSPNTOUO) -°*g aanIIL

*0T3BI BBIP-3ITT (J)

Bap ‘o ‘yooyp jo 9jbuy
00l 06 08 0L 09 0g ot og 02 Ol o Ol= 0¢+—

5
oo.%/al ) . d 00°9=I
JV/O/?!IC/n V\O\%
oSpF | 0Sb=W
v/o/e/o/ql \QRQ

IR &
—8
008 | P ooeen
»/o/e/o/\ y
1T 33

Aoy — —
EoE:maxu : o

29

o

@/ ‘oypi Bpip-}417




Normal-force coefficient, Cy
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Figure T7.- Longitudinal aerodynamic characteristics of model 3.




o Experiment
5 — —— Theory
y $ododod—§ T
oot | | D
.1 © D
- )\‘{
\.
3 N
N
R
2 A
R
.
%
Ow=3.00 X
-0boBo® T 6 6 & P O b LM
S R 3.00
5 8
g R
8 N
N
§ iy
2 R
) \
O=a50 L
F=—fS= L
bododsob—¢ | o——b | O
=3 ]
SNy 5
N 0 2
\\ b
NN
N
Of=8.00
‘:bo
| 8
=20 -10 0 10 20 30 40 50 60 70 80 90 100

Angle of attack, a, deg

(b) Axial force.

Figure T7.- Continued.

31



o Experiment
—— —— Theory
04
q
OM=3.00 —~b &
\9\(
D\m
\_'
s

- D\‘D\m
5 300
2 q &
2 O350 Pof ool N
g ]
o
- 2y
S ‘cza\
g = pm—
£ i
g
S Y
T 0 e b b 4.50

M=6.00 - \‘%\o\
_04 N 3

| \@\@ N
08 \@\0—< : ™
- ﬂa\\

P
! %OO

-.12

=20 -IO 10 20 30 40 50 60 70 80 0

32

Angle of attack, a, deg

(c) Pitching moment.

Figure 7.- Continued.

00



o Experiment
— — Theory
4 .
o7 To |
.2 D/) D\
s iy
o~ Y M
O350 P 300
DR (O S N
- ”\?1\\
Oﬁ )/ ¢} bYe N
1=
:g ﬁ \1
%5 OM=3.50 T
8 2
. 450
| P~
e ~
) 3/0/(6_-@\@\‘( \‘
P AN
| RN
= B N
O : Do
M=6.00 I b b
6|.OO
_'220 -0 10 20 30 40 50 60 70 80 90 100

Angle of attack, a, deg

(d) Lift.

Figure T7.- Continued.

53



0 Experiment
— —— Theory
1.4
.2 I ) 3/\8 .)‘D\()\o\( _"M
| /o/ 3.00
1.0 ’
}/ P
.8 l/
;
s P~
P ,o/< 3\0\0
s P
(8]
5 )4 A—ert==2
85 -kl &0
S M=3.00 /5’ ) 4
(=) Yl
D0 @O'O/< &
/
pd
)3
0 &
=4,50 N
i 4/
[Ome 5C 376,
OLM=6.OO
=20 -I0 0 10 20 30 40 50 60 70 80 90 100

Angle of attack ,a,deg

(e) Drag.

Figure T7.- Continued.

34



‘pepniouo) -} 2anITg

*0T3BI FBIP-3ITT (JF)

Bap ‘D ‘yobyp jo 8|buy
00l 06 08 oL 09 0s (0] % og 04 Ol 0 ol-

25

O

Q/7 ‘oupa Boap-pj

009
(ot ~ ~ D OO
Om,wlq - g oS b=
OQ\M - _ G)SVO\O 00'¢=
Aioay] — ——

juswiadx3]

0o



36

Normal—force coefficient, Cy
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Figure 8.- Longitudinal aerodynamic characteristics of model k.
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Drag coefficient, Cp
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Figure 9.- Continued.
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Figure 12.- The effect of the volume Parameter on the aerodynamic performance
of a thick-slab delta wing.
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